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CLAIMS 



We claim: 

1 . A method of obtaining overlay measurements for a semiconductor wafer, 
the method comprising: 

forming a periodic grating on the wafer having: 
a first set of gratings, 

wherein the first set of gratings are formed on the wafer 

using a first mask, and 

a second set of gratings, 

wherein the second set of gratings are formed on the wafer 

using a second mask, 

wherein the first and second sets of gratings are intended to be 
formed on the wafer with an intended asymmetrical alignment; 

measuring a diffraction signal of the first and second sets of gratings after 
the first and second sets of gratings are formed on the wafer; and 

determining a misalignment between the first and second sets of gratings 
formed on the wafer based on the measured diffraction signal. 

2. The method of claim 1 , wherein the measured diffraction signal is a zero- 
order diffraction. 

3 . The method of claim 2, wherein only the zero-order diffraction is 
measured. 

4. The method of claim 1 , wherein the diffraction signal is measxured using 
an optical metrology system. 

5. The method of claim 4, wherein the optical metrology system includes an 
ellipsometer. 
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6. The method of claim 4, wherein the optical metrology system includes a 
reflectometer. 

7. The method of claim 1, wherein the diffraction signal is measured using 
an incident signal with a normal incidence angle. 

8. The method of claim 1, wherein the diffraction signal is measured using 
an incident signal with an oblique incidence angle. 

9. The method of claim 8, wherein the incident signal has an azimuthal angle 
of zero degrees. 

10. The method of claim 8, wherein the incident signal has an azimuthal angle 
of about 45 degrees. 

The method of claim 10, wherein measuring the diffraction signal 

measuring the amplitude of the diffraction signal. 

12. The method of claim 1 ftirther comprising: 

generating a set of diffraction signals for a range of possible 
misalignments between the first and second sets of gratings, 

wherein each diffraction signal in the set corresponds to a different 
possible misahgnment within the range of possible misalignments. 

13. The method of claim 12 further comprising: 

generating a response curve of the correspondence between the different 
possible misalignments of the first and second sets of gratings and the set of diffraction 
signals. 

14. The method of claim 13 further comprising: 



11. 

includes: 
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generating a plurality of response curves using various wavelengths, 
polarizations, and/or incidence angles; and 

selecting a desirable wavelength, polarization, and/or incidence angle 
based on the generated response curves. 

15. The method of claim 12 further comprising: 

determining the intended asymmetric alignment between the first and 
second sets of gratings based on the generated set of diffraction signals and range of 
possible alignments. 

16. The method of claim 12, wherein the set of diffraction signals are 
generated empirically. j 

1 7. The method of claim 12, wherein the set of diffraction signals are 
generated using modeling. 

1 8. The method of claim 12, wherein the determining the misalignment 
between the first and second sets of gratings comprises: 

comparing the measvu-ed diffraction signal to the generated set of 
diffraction signals; and 

determining the possible misalignment that corresponds to the diffraction 
signal from the generated set of diffraction signals that matches the measured diffraction 
signal. 

The method of claim 1, wherein the periodic grating includes: 
a first portion with the first and second sets of gratings having a first 
intended asynmietric alignment; and 

a second portion with the first and second sets of gratings having a second 
intended asymmetric alignment, 

wherein the first and second intended asymmetric alignments are opposite 

in direction. 
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The method of claim 19, wherein measuring a diffraction signal further 

comprises: 

measuring a first diffraction signal from the first portion of the periodic 

grating; and 

measuring a second diffraction signal from the second portion of the 
periodic grating. 

21 . The method of claim 20 further comprising: 

computing a difference between the first and second diffraction signals. 

22. The method of claim 20, wherein the periodic grating includes: 
a third portion having only the first set of gratings; and 

a fourth portion having only the second set of gratings. 

23 . ] The method of claim 22 further comprising: 

obtaining the geometry of the first set of gratings in the third portion of the 
periodic grating; and 

obtaining the geometry of the second set of gratings in the fourth portion 
of the periodic grating. 

24. The method of claim 23, wherein the geometry of the first and second sets 
of gratings is obtained using an optical metrology system. 

p 

. \ 25. The method of claim 19 further comprising: 




generating a set of diffraction signals for a range of possible 



misalignments between the first and second sets of gratings; and 

generating a set of difference signals based on the generated set of 
diffraction signals, 

wherein each difference signal in the set corresponds to the 
difference between two diffraction signals in the generated set of diffraction signals. 
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V26 The melhod of claim 25 further comprising: 

^' ge„era.ingaoaUbratio«cu«eof.hecorrespondencebe«-een.hed.ffeten, 
possible alignments of *e firs, and second sets of gratings and ti,e se. of difference 

signals. 

(O) The method of claim 25, wherem the determining the misalignment 
between the first and second sets of gratings comprises: 

comparing the computed difference between the first and second 
difrerencesi^stothegeneratedse,ofdiffer«.cesi».als:and 

determining Ure possible misalipmren, that corresponds to the dtfTerotce 
signal from the generated set of difference sisals that matches Ute computed difference. 



28 ' The method of claim 1, 
■ V whereinthefirstandsecondsetsofgratingsincludeapluralityofndges 

that repeat at a periodic interval, and .... 

wherein the ridges of the first and second sets of gratmgs alternate. 

294 The method of claim 28, 

whereintheridgesofthefirstandsecondsetsofgratingsinclude 

eenterUneshavingaspacingbetweenthecenterhnesoftheridgesofthefirstand second 

^""'"^''"iTlnthefirstandsecondsetsofgratings^s^^^^^^ 

When the spacingbetweenthecent^linesisunifbrn. and asymmetrically aligned When 

the spacing between the centerlines is non-uniform. 

The method of claim 29, wherein the intended asymmetric alignment 
i.clud^ an)rse, fton, symmetrical ahgmnent of the firs, and second sets of grahngs. 



, 31\ TT.emethodofclaim30,whereintheoffsetisaboutaquarterofthe 
periodicrint)rval of the first and second sets of gratings. 
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32. . The method of claim 1, 

wherein the first and second sets of gratings include a plurality of ridges 
that repeat at a periodic interval, and 

wherein the ridges of the second set of gratings are formed on the ridges of 
the first set of gratings. 



33. The method of claim 32, 

wherein the ridges of the first and second sets of gratings include 
centerlines, and 

wherein the first and second sets of gratings are symmetrically aligned 
when the centerlines of the ridges of the first and second sets of gratings are aUgned and 
asymmetrically aligned when the centerlines are not aligned. 

\34?^ The method of claim 33, wherein the intended asymmetric alignment 
includes an offset fi*om symmetrical alignment of the first and second sets of gratings. 



35. \ The method of claim 34, wherein the ridges of the second set of gratings 
includes aJinewidth, and wherein the offset is about a quarter of the linewidth of the 
ridges of the second set of gratings. 



r 36. >v The method of claim 1, wherein forming a periodic grating on the wafer 
comprises: ^ 

forming a periodic grating in a first metrology field on the wafer; 
forming a periodic grating in a second metrology field on the wafer, 

wherein the first and second metrology fields are separated by a 

distance on the wafer; 

obtaining overlay measurements fi'om the first and second metrology 

fields; and 

computing a tilt error arc based on the obtained overlay measurements. 
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The method of claim 36, wherein the tih error arc is computed as the 
difference between the overlay measurements divided by the distance between the first 
and second metrology fields. 

38. A method of obtaining overlay measurements for a semiconductor wafer 
using a periodic grating, the method comprising: 

forming a first set of gratings of the periodic grating on the wafer; 
forming a second set of gratings of the periodic grating on the wafer, 
wherein the first and second sets of gratings are formed using 

separate masks, and 

wherein the second set of gratings are intended to be formed on the 
wafer with an intended asymmetrical alignment from the first set of gratings; 

generating a set of diffraction signals for a range of possible 
misalignments between the first and second sets of gratings, 

wherein each of the diffraction signal in the generated set of 
diffraction signals corresponds to a possible misalignment between the first and second 
sets of gratings; 

measuring a diffraction signal of the first and second sets of gratings after 
the first and second sets of gratings are formed on the wafer; and 

determining a misalignment between the first and second sets of gratings 
based on the measured diffraction signal and the generated set of diffraction signals. 

39. The method of claim 38, wherein the determining the misalignment 
between the first and second sets of gratings comprises: 

comparing the measured diffraction signal to the generated set of 
diffraction signals; and 

determining the possible misalignment that corresponds to the diffiraction 
signal fi-om the generated set of diffraction signals that matches the measured diffraction 
signal. 

40. The method of claim 39 further comprising: 
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determining a misalignment between the first and second masks based on 
the determined misalignment between the first and second sets of gratings. 

41 . The method of claim 40, wherein the amount and direction of 
misalignment of the first and second masks corresponds to the amount and direction of 
misalignment of the first and second sets of gratings, 

42. The method of claim 38, wherein the intended asymmetric alignment 
between the first and second sets of gratings is selected based on the generated set of 
diffraction signals and range of possible misalignments. 

43. The method of claim 38, wherein the measured diffraction signal is a zero- 
order diffraction. 



44. The method of claim 38 fiirther comprising: 

generating a plurality of sets of diffraction signals at various wavelengths, 
polarizations, and/or incidence angles. 

45. The method of claim 44 further comprising: 

selecting a desirable wavelength, polarization, and/or incidence angle 
based on the generated sets of diffraction signals. 

^46\^ The method of claim 38, wherein forming a first set of gratings and 
forming a second set of gratings comprise: 

forming a first portion of the periodic grating having the first and second 
sets of gratings at a first intended asymmetric alignment; 

forming a second portion of the periodic grating having the first and 
second sets of gratings at a second intended asymmetric alignment, 

wherein the first and second intended asymmetric alignments are 

opposite in direction. 
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The method of claim 46, wherein measuring a diffraction signal further 

comprises: 

measuring a first diffraction signal from the first portion of the periodic 

grating; 

measuring a second diffraction signal from the second portion of the 
periodic grating; and 

computing a difference signal based on the difference between the 
measured first and second diffraction signals. 

^ The method of claim 47 further comprising: 

generating a set of difference signals based on the generated set of 
diffraction signals; 

comparing the computed difference signal to the generated set of 
difference signals; and 

determining the alignment that corresponds to the difference signal from 
the generated set of difference signals that matches the computed difference signal. 

49^^ The method of claim 48 further comprising: 

forming a third portion of the period grating having only the first set of 

gratings; and 

forming a fourth portion of the periodic grating having only the second set 

of gratings.; 

obtaining the geometry of the first set of gratings in the third portion of the 
periodic grating; and 

obtaining the geometry of the second set of gratings in the fourth portion 
of the periodic grating. 

5o] The method of claim 48, wherein the generated set of diffi-action signals 

\ / 

are generated based on the obtained geometry of the first and second sets of gratings. 
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|^1>N^ The method of claim 48, wherein obtaining the geometry of the first set of 
gratings and the second set of gratings comprises: 

comparing the measured diffraction signals to a library of simulated- 
diffraction signals, each simulated-diffraction signal having an associated theoretical 
geometry. 

The method of claim 38, 

wherein the first and second sets of gratings include a plurality of ridges 
that altemate with a spacing between the ridges, 

wherein the first and second sets of gratings are symmetrically aligned 
when the spacing between the ridges of the first and second sets of gratings is uniform 
and asymmetrically aligned when the spacing is non-uniform. 

The method of claim 38, 

wherein the first and second sets of gratings include a plurality of ridges 
with centerlines, 

wherein the ridges of the second set of gratings are formed on the ridges of 
the first set of gratings, and 

wherein the first and second sets of gratings are symmetrically aligned 
when the centerUnes of the ridges of the first and second sets of gratings are aligned and 
asymmetrically aligned when the centerlines are not aligned. 

The method of claim 38 fiirther comprising: 
^ forming a periodic grating in a first metrology field on the wafer; 
forming a periodic grating in a second metrology field on the wafer 
separated by a distance from the first metrology field; 

obtaining overlay measurements from the first and second metrology 

fields; and 

determining a tilt error arc by dividing the difference between the overlay 
measurements by the distance between the first and second metrology fields. 
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55. A method of obtaining overlay measurements for a semiconductor wafer 
using a periodic grating formed on the wafer, the method comprising: 

obtaining the wafer, wherein the period grating on the wafer comprises: 
a first set of grating that were formed on the wafer using a first 

mask, 

a second set of gratings that were formed on the wafer using a 

second mask, 

wherein the first and second sets of gratings that were formed on 
the wafer with an asynmietric aUgnment; 

generating a set of diffraction signals for a plurality of possible 
misalignments between the first and second sets of gratings; 

measuring a diffraction signal of the first and second sets of gratings from 
the obtained wafer, 

wherein the measured diffraction signal is a zero-order diffraction; 

comparing the measured diffraction signal to the generated set of 
diffraction signals; and 

determining an amount and direction of misalignment between the first 
and second sets of gratings on the obtained wafer based on the possible alignment that 
corresponds to the diffraction signal from the set of diffraction signals that matches the 
measured diffraction signal. 

56. The method of claim 55 further comprising: 

determining an amount and direction of misalignment between the first 
and second masks based on the determined amoimt and direction of misalignment 
between the first and second sets of gratings. 

57. The method of claim 55, 

wherein the periodic grating on the wafer further comprises: 
a first periodic grating oriented for obtaining overlay 
measurements in a first coordinate direction, and 
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a second periodic grating oriented for obtaining overiay 
measurements in a second coordinate direction; and 

wherein measuring a diffraction signal further comprises: 

measuring a first diffraction signal from the first periodic grating, 

and 

measuring a second diffraction signal from the second periodic 
grating without rotating the wafer. 

58. The method of claim 57, wherein the measured diffraction signals and the 
generated diffraction signals have amplitude ratios, arid wherein the amplitude ratios of 
the measured diffraction signals are compared with the amplitude ratios of the generated 
diffraction signals. 

59. The method of claim 57, wherein the first periodic grating comprises a 
plurality of ridges oriented at about 45 degrees, and wherein the second periodic grating 
is a mirror-image of the first periodic grating. 

60. The method of claim 57, wherein the diffraction signals are measured 
using an oblique and conical incident signal. 

61 . The method of claim 57, wherein the diffraction signals are measured 
using an incident signal with an azimuthal angle of about 45 degrees. 

62. The method of claim 55, wherein the diffraction signal is measured using 
a normal incidence angle. 

63. The method of claim 55, wherein the diffraction signal is measured using 
an oblique incidence angle with an azimuthal angle of zero degrees. 

64. The method of 55, wherein the periodic grating comprises: 
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a first portion with the first and second sets of grating having a first 
asymmetric alignment; and 

a second portion with the first and second sets of grating having a second 
asymmetric alignment, 

wherein the first and second asymmetric alignments are opposite in 

direction. 

The method of claim 64, wherein measuring a diffraction signal further 

comprises: 

generating differences between pairs of diffi-action signals firom the 
generated set of diffraction signals, 

wherein a pair of diffraction signals for each generated difference 
correspond to two different possible misalignments of the first and second sets of 
gratings; 

measuring a first diffraction signal fi^om the first portion of the periodic 

grating; 

measuring a second diffraction signal fi^om the second portion of the 
periodic grating; 

computing a difference between the measured first and second diffraction 

signals; and 

comparing the computed difference with the generated differences. 

The method of claim 64, 
wherein the periodic grating fiirther comprises: 

a third portion having only the first set of gratings, and 
a fourth portion having only the second set of gratings; 
obtaining the geometry of the first set of gratings in the third portion of the 
periodic grating; and 

obtaining the geometry of the second set of gratings in the fourth portion 
of the periodic grating. 
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wherein the geometry of the first set of gratings and the second set 
of gratings are obtained by comparing the measured diffraction signals to a Ubrary of 
simulated-diffraction signals, each simulated-diffraction signal having an associated 
theoretical geometry. 

67. The method of claim 55 ftirther comprising: 
a first metrology field on the wafer; 

a second metrology field on the wafer separated by a distance from the 
first metrology field; 

obtaining overlay measurements from the first and second metrology 

fields; and 

determining a tilt error arc by dividing the difference between the overlay 
measurements by the distance between the first and second metrology fields. 

The method of claim 55, 

wherein the first and second sets of gratings include a plurality of ridges 
that alternate with a spacing between the ridges, 

wherein the first and second sets of gratings are symmetrically aligned 
when the spacing between the ridges of the first and second sets of gratings is uniform 
and asymmetrically aligned when the spacing is non-uniform. 

The method of claim 55, 

wherein the first and second sets of gratings include a plurality of ridges 
with centerlines, 

wherein the ridges of the second set of gratings are formed on the ridges of 
the first set of gratings, and 

wherein the first and second sets of gratings are synmietrically aligned 
when the centerlines of the ridges of the first and second sets of gratings are aligned and 
asynmietrically aligned when the centerlines are not aligned. 
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70. A system to obtain overlay measurements of a semiconductor wafer, the 
system comprising: 

a periodic grating formed on the wafer comprising: 

a first set of gratings formed using a first mask, 

a second set of gratings formed using a second mask, and 

wherein the first and second sets of gratings are formed with an 

asymmetric alignment; and 

an optical metrology system comprising: 

a detector configured to measure a diffraction signal fi-om the first 

and second sets of gratings, and 

a signal processing unit configured to determine a misalignment 

between the first and second sets of gratings based on the measured diffi-action signal. 

71 . The system of claim 70, wherein the signal processing unit is configured 
to compare the measured diffraction signal to a set of diffiraction signals generated for a 
plurality of possible alignments between the first and second sets of gratings. 

72. The system of claim 70, wherein the periodic grating further comprises: 
a first periodic grating oriented in a first coordinate direction; and 

a second periodic grating oriented in a second coordinate direction, 
wherein overlay measurements can be obtained in the first and second 

coordinate directions using the first and second periodic gratings without rotating the 

wafer. 

73. The system of claim 72, wherein the first periodic grating comprises a 
plurality of ridges oriented at about 45 degrees, and wherein the second periodic grating 
is a mirror-image of the first periodic grating. 

74. The system of claim 72, wherein the optical metrology system comprises: 
a source configured to produce an oblique and conical incident signal. 
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75. The system of claim 70, wherein the optical metrology system comprises: 
a source configured to produce a normal incident signal. 

76. The system of claim 70, wherein the optical metrology system comprises: 
a source configured to produce an incident signal having an obhque 

incidence angle and an azimuthal angle of zero degrees. 

77. The system of claim 70, wherein the periodic grating comprises: 

a first portion with the first and second sets of gratings having a first 
asymmetric alignment; and 

a second portion with the first and second sets of gratings having a second 
asymmetric alignment, 

78. The system of claim 77, 

wherein the detector is configured to measure a first diffraction signal 
from the first portion of the period grating and a second diffraction signal from the 
second portion of the periodic grating, and 

wherein the signal processor is configured to determine the amount and 
direction of misalignment between the first and second masks used to form the first and 
second sets of gratings based on the measured first and second diffraction signals. 

79. The system of claim 78, wherein the signal processor is configured to 
determine the alignment of the first and second sets of gratings by comparing the 
difference between the measured first and second diffraction signals to a set of difference 
signals generated for a plurality of possible misalignments between the first and second 
sets of gratings. 

The system of claim 78, wherein the periodic grating fiirther comprises: 
a third portion having only the first set of gratings; and 
a fourth portion having only the second set of gratings. 
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j The system of claim 80, wherein the optical metrology system comprises: 
a library of simulated-diffraction signals having a set of theoretical 
geometry of the first and second sets of gratings; 

wherein the detector is configured to measure a diffraction signal from the 
third portion and a diffraction signal from the fourth portion; and 

wherein the signal processing unit is configured to compare the measured 
diffraction signal to the simulated-diffraction signals to determine the geometry of the 
first and second sets of gratings. 



\82^ The system of claim 70 fiirther comprising: 
a first metrology field on the wafer; 
a second metrology field on the wafer separated by a distance from the 
first metrology field; 

wherein the optical metrology system is configured to obtain overlay 
measurements from the first and second metrology fields and determine a tilt error arc by 
dividing the difference between the overlay measurements by the distance between the 
first and second metrology fields. 



include a plurality of ridges that alternate with a spacing between the ridges; and wherein 
the first and second sets of gratings are symmetrically aligned when the spacing between 
the ridges of the first and second sets of gratings is uniform and asymmetrically aligned 
when the spacing is non-uniform. 



\^84/^ The system of claim 70, wherein the first and second sets of gratings 
include a plurality of ridges with centerlines; wherein the ridges of the second set of 
gratings are formed on the ridges of the first set of gratings; and wherein the first and 
second sets of gratings are synmietrically aligned when the centerlines of the ridges of the 
first and second sets of gratings are aligned and asynunetrically aligned when the 
centerlines are not aligned. 





The system of claim 70, wherein the first and second sets of gratings 




42 



85. A computer-readable storage medium containing computer executable 
instructions for causing a computer to obtain overlay measurements for a semiconductor 
wafer, comprising instructions for: 

measuring a diffraction signal of a first set of grating and a second set of 
gratings of a periodic grating formed on the wafer, wherein 



wafer with an asymmetric alignment; 

generating a set of diffraction signals for a plurality of possible 
misalignments between the first and second sets of gratings; 

determining a misalignment of the first and second sets of gratings formed 
on the wafer based on the measured diffraction signal and the generated set of diffraction 
signals; and 



and second masks based on the determined misalignment of the first and second sets of 
gratings formed on the wafer. 



(86! The computer-readable storage medium of claim 85, further comprising 
instructions for: 

generating differences between pairs of diffraction signals from the 
generated set of diffraction signals, 

wherein a pair of diffraction signals for each generated difference 
corresponds to two different possible misalignments of the first and second sets of 
gratings; 



the first set of gratings were formed using a first mask, 

the second set of gratings were formed using a second mask, and 

wherein the first and second sets of gratings were formed on the 



determining the amount and direction of misalignment between the first 
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wherein the first and second sets of gratings in the second portion 
have a second asymmetric ahgnment; 

computing a difference between the measured first and second diffraction 

signals; and 

comparing the computed difference with the generated differences. 

87. The computer-readable storage medium of claim 85, further comprising 

instructions for: 

obtaining the geometry of the first set of gratings; and . 

obtaining the geometry of the second set of gratings, 

wherein the generated set of diffraction signals is generated based on the 

obtained geometry of the first and second sets of gratings. 




^88/ The computer-readable storage medium of claim 87, fiirther comprising 
instructions for: 

measuring diffraction signals of the first set of gratings; 
measuring diffraction signals of the second set of gratings; and 
comparing the measured diffraction signals to a library of simulated- 
di ffraction si^ alshaving a set of theoreticjiUgeometry of the first and second sets of 
gratings. 

C^^^^^^ The computer-readable storage medium of claim 88, wherein the 
diffraction signals of the first set of gratings are measured from a third portion of the 
grating having only the first set of gratings, and the diffraction signals of the second set < 
of gratings are measured from a fourth portion of the grating having only the second set 
of gratings. 

^^^j The computer-readable storage medium of claim 85, further comprising 
instructions for: 

obtaining overlay measurements from a first metrology field on the wafer; 
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obtaining overlay measurements from a second metrology field on the 

wafer, 

wherein the first and second metrology fields are separated by a 

distance; and 

determining a tilt error arc by dividing the difference in the obtained 
overlay measurements from the first and second metrology fields by the distance between 
the first and second metrology fields. 

91 . The computer-readable storage medium of claim 85, fiirther comprising 
instructions for: 

measuring a first diffraction signal from a first periodic grating; 

determining the amount and direction of misalignment between the first 
and second mask in a first coordinate direction using the first measured diffraction signal; 

measuring a second diffraction signal from a second periodic grating 
without rot ating th g wafer; and 

determining the amount and direction of misalignment between the first 
and second mask in a second coordinate direction using the second measured diffraction 
signal. 
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